Idiopathic hypercalciuria (IH) is a syndrome characterized by normoca1caemia and hypercalciuria. The diagnosis requires the exclusion of other causes of hypercalciuria, such as sarcoidosis, malignancy, Paget's disease, high calcium or vitamin D intake, renal tubular acidosis, immobilization and thyrotoxicosis. It is the most common metabolic disorder identified in patients with calcium nephrolithiasis, being seen in 40-75% of these patients->'. The original report on IH was published in the Proceedings of the Royal Society of Medicine by Albright and coworkers". Since that time a variety of hypotheses concerning the pathogenesis of the disorder have been proposed. Briefly, they are (1) hyperabsorption of calcium by the intestine; (2) renal 'leak' of calcium; (3) mild form of hyperparathyroidism; (4) renal 'leak' of phosphate; (5) disturbance of vitamin D metabolism. Recent reviews concerning calcium nephrolithiasis highlight the accepted and controversial aspects of evaluation and treatments S -7. This review will not discuss clinical aspects of IH but rather the evidence for and against each of the proposed primary defects in the pathogenesis.
Pak and others" have divided IH into three clinical classes, labelled resorptive hypercalciuria, absorptive hypercalciuria (AH), and renal hypercalciuria (RH). Resorptive hypercalciuria includes primary hyperparathyroidism and malignancy, where both parathyroid hormone (PTH) and serum calcium are elevated, AH and RH, defined in more detail below, are usually divided on the basis of the fasting urinary calcium to creatinine ratios (Uca/cr), In RH, the Ucajor remains higher than controls. In AH, the Ilea/or normalizes on a low-calcium diet, but shows a greater increase than controls following an oral calcium load. As this review will point out, besides disagreement on the incidence of the various forms of IH, there is further disagreement on whether the clinical diagnoses of AH and RH correspond to the primary defects in the pathogenesis. Nevertheless, the terms AH and RH will be further defined and discussed below, keeping their respective shortcomings in mind.
Hyperabsorption of calcium by the intestine
Henneman et al. 9 noted decreased faecal calcium excretion in IH and first proposed that hypercalciuria may be secondary to metabolic changes induced by intestinal hyperabsorption of calcium. Pak et al. I 0 found that about 90% oflH patients investigated had normocalcaemia, normal fasting Uca/cr, a low or normal urinary cAMP, and an increase in Vca/cr after a calcium load greater than controls.
These patients were thought to have a primary defect in intestinal calcium absorption and were labelled as having absorptive hypercalciuria (AH). The proposed pathogenesis was that the intestinal hyperabsorption led to relative hypercalcaemia with increased renal filtered load of calcium. The relative hypercalcaemia would also cause parathyroid suppression and a decrease in renal resorption of calcium II. An increase in the filtered load and fractional excretion of calcium would both contribute to hyper-ca1ciuria. Broadus et al. 12 1 S used an in vivo perfusion technique to show that AH patients had an increase in calcium absorption by the jejunum but not by the ileum. The increased absorption was specific for calcium and was unidirectional (lumen to plasma). Yet there is conflicting data on the critical question of the presence of relative hypercalciuria after a calcium load: it was confirmed by Broadus et alY, but not by Muldowney et al. 16 • The often elevated levels of vitamin D in IH patients I 4 • 1 7 , 18 are not explained by the intestinal hyperabsorption of calcium. Also unexplained by this proposal is the tendency towards fasting calcium excretion values in AH patients that are greater than controls but less than RH patients. Therefore, despite clear evidence for intestinal hyperabsorption of calcium in IH patients, there are reasons to doubt that it is the primary defect in the pathogenesis.
Renal 'leak' of calcium Pak et al. 10 • 19 classified only a small number of patients as having renal hypercalciuria (RH). They were characterized by normocalcaemia, high fasting urinary calcium, high fasting urinary cAMP, and normal urinary cAMP after an oral calcium load.
Coe et aZ. 20 , however, found that the IH patients had normal (35%) or elevated (65%) iPTH levels. The proposed primary defect was a renal 'leak' of calcium leading to secondary hyperparathyroidism by an unknown mechanism, with the resulting elevated PTH leading to intestinal hyperabsorption of calcium.".
Many authors disagree with the finding of secondary hyperparathyroidism in IH. Burckhardt and Jaeger 22 studied RH patients and found that none had an elevated iPTH, only one had an elevated nephrogenous cAMP and all patients had a normal EDTA infusion test. Based on simultaneous calcium and iPTH assays, Muldowney et al. 16 felt that Coe et aZ. 2 0 may have included a group of patients with mild hyperparathyroidism. In a later paper, Coe et aZ. 1 8 found that parathyroid function in RH was normal or suppressed. Thus, the reported incidence of RH amongst IH patients varies from paper to paper, but even when RH is documented, there is little evidence of secondary hyperparathyroidism. Ifa renal 'leak' of calcium is a primary defect in any IH patients, then the causal relationship between the primary defect and other findings in IH would still need to be explained.
Primary hyperparathyroidism
Primary hyperparathyroidism has been repeatedly proposed as the primary defect in the pathogenesis of IH. Normocalcaemic primary hyperparathyroidism is a distinct clinical entity23, but is characterized by recurrent calculi even on a low calcium diet, abnormal calcium infusion tests, and occasional elevation of serum calcium values on long-term follow up. It is therefore unlikely that studies of IH include more than an occasional patient in this category. Evans et al. 2 4 found the mean plasma calcium value in IH to be in the normal range but significantly higher than the control value. They excluded intestinal hyperabsorption as the cause because patients were on a low-calcium diet for 7days and fasted for 12 hours. A renal 'leak' ofcalcium was excluded because a lower than normal plasma calcium value would be anticipated. Their hypothesis was that the primary defect was inappropriate parathyroid activity without a detectable difference in hormone levels. The failure to detect an elevation of parathyroid hormone could be due to the complexities of current PTH assays2S, or it could represent the presence of a parathyroid-like hormone not detected by current assays.
Muldowney et al. 16 exel uded one-quarter of previously diagnosed IH patients from their study as they felt these patients had marginal hyperparathyroidism. Among the remaining patients, they felt that the presence of IH could be explained by a mild primary hyperparathyroidism undetectable by current assays. It should be noted that intestinal calcium hyperabsorption, elevated vitamin D levels, or a renal phosphate 'leak', could each be the consequence of an undetectable increase in parathyroidtype activity.
Renal 'leak' of phosphate In the original paper on IH by Albright et al:", hypophosphataemia was noted and attributed to a presumed secondary hyperparathyroidism. Coe et al. 2 0 and Pak et al. lD , in early papers defining absorptive and renal hypercalciuria, noted the tendency towards hypophosphataemia and invoked the same mechanism of secondary hyperparathyroidism. Yet, as discussed earlier, most work suggests that secondary hyperparathyroidism is an unusual finding in IH. It was Shen et al. I7 who proposed that hypophosphataemia was caused by a renal phosphate 'leak' and that the renal phosphate 'leak' was the primary defect in the pathogenesis of IH. They demonstrated an increase in the fractional excretion of filtered phosphate. Plasma levels of 1,25(OHh vitD 3 were also elevated, and this was attributed to phosphorous depletion, a known stimulus to vitamin D secretion in rats 26. Vitamin D is a potent stimulator of calcium absorption by the gut 2 7 and would cause hyperabsorption of calcium and PTH suppression. Shen et al.'" did show low levels of iPTH, and this parathyroid suppression would act to conserve phosphorus'". Thus, the changes in vitamin D and PTH activity would act to compensate for phosphorus losses, but also lead to hypercalciuria. Van Den Berg et al. 29 added support for the phosphate 'leak' hypothesis by showing a reduction in renal calcium losses and a lowering of serum levels of 1,25(OH)2 vitD 3 levels in IH patients solely by giving orthophosphate. Sherwood's editorial"? pointed out that not all IH patients are hypophosphataemic, but Shen et al. 17 suggested that some patients may have adequately compensated for the renal phosphate 'leak' but are left with hypercalciuria.
Disturbance of vitamin D metabolism
The most serious criticism of the renal phosphate 'leak' hypothesis is that several authors have shown that there is no relationship between serum phosphorus and vitamin D levelsI0.14.18. This point raises the possibility that the vitamin D elevation may not be a secondary phenomenon, but rather a primary defect in IH. Kaplan et al." : found elevated 1,25(OH)2 vitD 3 in one-third of IH patients and normal values in two-thirds. Given that all the patients had evidence of parathyroid suppression, the normal values of 1,25(OHh vitD 3 may be considered as inappropriately high. Caldas et ai. 3 1 presented data on levels of vitamin D metabolites that suggested the renal la-hydroxylase enzyme activity may be increased in IH patients. Maierhofer et al. 3 2 have shown that normal patients on a lowcalcium diet will develop hypercalciuria if given enough oral 1,25(OHh vitD 3 to double the plasma level. Broadus et al. 33 also found elevated or high normal vitamin D levels in all patients studied. When compared to non-hypercalciuric stone formers, they found no statistically significant relationship between l,25(OH)2 vitD 3 levels and renal phosphate threshold. They argued against the renal phosphate 'leak' hypothesis and proposed that a defect in the renal proximal tubule could affect both vitamin D metabolism and phosphate excretion without a cause and effect relationship between the two findings. Zerwekh and Pak 34 studied IH patients on thiazide diuretics. The AH patients became normocalciuric and remained normophosphataemic, but 1,25(OHh vitD 3 levels and intestinal calcium absorption remained elevated. The RH patients, on the other hand, became normocalciuric, and the 1,25(OHh vitD 31eveis and intestinal calcium absorption, which had been elevated, fell into the normal range.
Thus, elevated levels of vitamin D activity could be the primary defect in the pathogenesis ofIH. Unlike earlier proposals of a primary hyperabsorption of calcium by the intestine, elevated vitamin D levels could explain the tendency towards fasting hypercalciuria in AH patients. And though it could also explain the persistent hypercalciuria in RH patients even during prolonged low-calcium diets!", the effects of thiazide diuretics in this subset ofpatientsj" suggests that the elevated vitamin D levels are secondary to a defect in renal calcium handling.
Many of the studies to date acknowledge the difficulties of interpeting metabolic and chemical data that vary smoothly over a wide range. It is particularly difficult when the data involve complex assays such as iPTH, vitamin D, and total and ionized calcium. The complex interactions of calcium homeostasis only serve to further confuse the data. Indeed, the division of IH patients into AH and RH may have some clinical relevance, but cannot be taken to suggest the primary defect in pathogenesis is understood. To date it is not even clear whether IH is a single disorder with a spectrum of clinical findings or a heterogeneous collection of disorders with similar clinical features.
In vitro studies of calcium absorption Perhaps the definitive answers cannot be found by in vivo studies. As discussed above, there is increasing evidence that vitamin D plays a primary, or at least a central, role in the pathogenesis ofIH. Rasmussen et al.3~showed that administration of 1,25(OH)2 vitD 3 to vitamin D-deficient chicks led to an increase in the relative content of phosphatidylcholine (PC) in the intestinal brush border membrane and an increase in the content of polyunsaturated fatty acids in the PC fraction. The changes in the lipid content of the brush border membrane paralleled increases in calcium uptake, even in the presence of inhibitors of protein synthesis. Bikle et al. 36 studied chick small intestine brush border membrane vesicles and showed a 1,25(OHh vitD 3 stimulated increase in the calmodulin content of the brush border membrane which paralleled an increase in calcium uptake. Our laboratory has undertaken several in vitro studies related to intestinal calcium transport in IH patients. Duncombe et al. 37 studied in vitro calcium uptake by jejunal biopsies. Patients were classified as AH or RH on the basis offasting calcium excretion. Both groups had elevated 1,25(OH)2 vitD 3levels, and both groups had elevated calcium uptakes. There was no difference in the kinetic characteristics of calcium uptake by RH and AH biopsies. Assays of alkaline phosphatase, Ca2+-binding protein, calcium-activated ATPase, and cAMP levels showed no difference between patients and controls'".
These data were interpreted as showing that IH is probably a homogeneous disorder and that in the absence of any changes in the measured calcium regulatory proteins, the increased calcium uptakes may indicate a change in the intestinal brush border membrane lipids. We have recently completed an analysis of the neutral lipid composition of brush border membrane vesicles prepared from single peroral jejunal biopsies'". Currently, methods to quantify the phospholipids in the brush border membrane vesicles are being refined. Work on whole jejunal biopsies and brush border membrane vesicles should permit further study of the interrelations between calcium and phosphate transport, vitamin D metabolism, and membrane lipid composition.
Conclusion
There are numerous hypotheses on the pathogenesis oflH. Most patients have AH by the criteria ofPak et al. 8 • Whether or not this represents a primary intestinal hyperabsorption of calcium is not understood. The increase in calcium absorption seen in all IH patients may actually be secondary to a primary defect in parathyroid or vitaminDeelated activity. The increase in vitamin D activity could also be secondary to a primary defect in renal phosphate handling. These questions remain unanswered.
Renal hypercalciuria, as defined by Pak et al. 8 and Coe et al. 20 is not a common finding, and the lack of evidence for secondary hyperparathyroidism leaves the elevated intestinal calcium absorption unexplained. A primary defect in vitamin D metabolism may be the actual defect in patients with elevated fasting calcium excretion.
Numerous questions remain concerning the pathogenesis ofIH. Contrary to earlier hopes for an end to the necessity of the term 'idiopathic', more recent investigations of calcium homeostasis in these patients have raised as many questions as they have answered. Given the complexities of calcium homeostasis in the whole patient, the critical role of the gut in IH, and the relative ease of obtaining small bowel biopsies, it is our belief that studies on whole biopsies and brush border membrane vesicles could provide a more direct insight into the primary defect(s) in the pathogenesis ofIH.
